We examined mitochondrial DNA (mtDNA
Because of its maternal mode of inheritance, mtDNA has been widely used to determine the maternal parental species involved in the formation of unisexual vertebrates of hybrid origin (e.g., see refs. 1 and 2). Identification of maternal species is made by comparing mtDNA restriction maps or digestion profiles of the unisexuals to those of known or suspected parental species. Differences in maps or restriction profiles between unisexuals and maternal species are usually small because of the relatively recent origins of the former. As a result, identification of maternal species is a straightforward matter of inspection.
Unisexual salamanders of the genus Ambystoma can vary from diploid to tetraploid and are of hybrid origin, incorporating genomes from the bisexual species Ambystoma laterale, Ambystoma jeffersonianum, Ambystoma texanum, and Ambystoma tigrinum in a variety of combinations (3) (4) (5) (6) (7) (8) . Reproduction in the unisexuals is thought to be either by gynogenesis or hybridogenesis (9) (10) (11) (12) . The former mode of inheritance is strictly clonal, while the latter has been termed "hemiclonal" because only the maternal genome is inherited unaltered. In either case, the parental genomes are thought to be inherited as complete units. Kraus (2) showed that all members of the A. laterale-texanum complex studied by him had mtDNA derived from A. texanum and varied little in restriction sites. Those data were consistent with a highly restricted, and possibly single, origin for the complex. In this paper, we report on A. 2 laterale-jeffersonianum triploids and compare their mtDNAs to the congeners previously studied (2) and to A. jeffersonianum, the second parental species of the unisexuals in question. The unusual origin of the mtDNA of these unisexuals provides (i) unanticipated details about the history of these forms, (ii) insights about the limits of using single molecular data sets to reconstruct the evolutionary history of hybrid complexes, and (iii) evidence bearing on the meiotic mechanism of these unisexual Ambystoma.
MATERIALS AND METHODS
Purification, digestion, electrophoresis, and visualization of Ambystoma mtDNAs followed procedures described previously (2 Kraus (2) . Cleavage sites were used to estimate sequence divergences among taxa according to Nei et al. (13) and were used to construct a dendrogram using the UPGMA (unweighted pair-group method using arithmetic averages) method. A parsimony network based on the same data was obtained using PAUP (14) , and rooted in accordance with the phylogenetic conclusions of Kraus (15) (Fig. 1) . Fourteen of these specimens were cleaved with all six enzymes, producing a total of 118 fragments, and were identical to those A. laterale-texanum designated as clone 2 by Kraus (2) . Two specimens were cleaved with only HindIII, Hinfl, Mbo I, and Msp I, yielding 81 fragments; the last was cleaved with only HindIII, Hinfl, and Msp I, producing 56 fragments. These last three specimens (all from the Michigan population) could not be assigned to a specific mtDNA clone because of their failure to successfully cleave with Dde I and HinPI, which diagnose the A. laterale-texanum mtDNA clones (2) . The mtDNA of the unisexuals is confirmed to be derived from A. texanum and not from A. jeffersonianum or A. laterale ( Fig.  2) , based on maps derived from the 15 6-bp enzymes. That A.
texanum is not represented in the nuclear genomic constitution of the 17 triploid unisexuals is obvious from both their allozyme profiles (Fig. 3) and their failure to exhibit any tendency toward A. texanum character states for the 10 diagnostic morphological characters (see Appendix).
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DISCUSSION
It is clear from the mtDNA restriction patterns ( Fig. 1 ) that A. 2 laterale-jeffersonianum has mtDNA derived from the same source as that of A. laterale-texanum-the two unisexuals are identical for all 118 generated fragments. Kraus (2) concluded that the mtDNA of A. laterale-texanum is derived from A. texanum and not from A. laterale; however, he did not study A. jeffersonianum. We demonstrate here that A. jeffersonianum is also not the source of the unisexuals' mtDNA, confirming the earlier conclusion that the mtDNA of A. laterale-texanum (and, thus, of A. 2 lateralejeffersonianum) is derived from A. texanum. Yet the Sod-1 and Aat-1 data for A. 2 laterale-jeffersonianum clearly establish that these triploids have two complements of A. laterale alleles, one of A. jeffersonianum, and none of A. texanum. While Acon-1 and the morphological characters do not allow for quantification of the genomic contributions of A. laterale and A. jeffersonianum, they do verify that A. texanum genes are lacking from the nuclear complements of the unisexuals.
Thus, we have unisexuals of hybrid origin with the mtDNA of a third bisexual species that is not represented in their nuclear genomes. A logical explanation of this paradox is that an original meiosis in an A. laterale-texanum produced a diploid ovum containing primarily the nuclear chromosomes of A. laterale, but with at least the W chromosome of A. texanum (Fig. 4BII) . Upon fertilization by a male A. laterale, the ovum would develop into a diploid female A. laterale with an A. texanum W chromosome and its mtDNA (Fig. 4BIII) .
Upon subsequent hybridization with a male A. jeffersonianum, female A. 2 laterale-jeffersonianum with A. texanum mtDNA would result (Fig. 4BIV ). This explanation requires that some "semi-independent" segregation at the metaphase plate in the original A. laterale-texanum led to a combination of A. laterale and A. texanum chromosomes in the resulting ova, with at least the W chromosome derived from the latter species. This directly contradicts the traditional assumption that the allochthonous genomes ofthe unisexuals be inherited en bloc during hybridogenetic meiosis. Evidence for semiindependent segregation is dependent on Ambystoma having a W-Z sex chromosome system (17-18); thus, both the mtDNA and W chromosome are maternally linked. As a consequence, the only way for A. texanum mtDNA to be transmitted through a species other than A. texanum (in this case, A. laterale) is to be accompanied by a W chromosome. Such an arrangement is impossible to obtain under the assumption that the allochthonous genomes ofunisexuals are transmitted en bloc. This is because A. laterale was the paternal ancestor forming A. laterale-texanum (2) and, thus, the A. laterale genome present in those unisexuals contains only the Z sex chromosome (Fig. 4A11 ). Upon meiotic reduction and fertilization by another male of any species, only male offspring, incapable of transmitting their A. texanum mtDNA to future generations (Fig. 4AIII) (2) . A simpler explanation is that the unique mtDNA of the unisexuals, although initially derived from A. texanum, indicates a more recent common mtDNA ancestor among those unisexuals than between either of those forms and any known mtDNA haplotype of A. texanum. Semi-independent segregation at the metaphase plate provides a unique means of generating genetic variation in a unisexual vertebrate (19) . Our finding also helps clarify several curious aspects of the biology of unisexual Ambystoma. It provides a simple means of allowing bidirectional introgression of allochthonous nuclear DNA (5, 11) and mtDNA into the parental species of the unisexuals. It allows, under a syngametic reproductive model (7) or hybridogenesis (11, 12) , the persistence of diploid A. laterale-texanum in populations lacking A. laterale (2) , and it may help to explain some of the large amount of allozymic variation in these unisexuals (7, 8) . Finally, it readily explains the occasional incongruence among different allozyme markers (11) and between allozyme and morphological data (20) have led to the unusual combination of mitochondrial and nuclear genomes reported here. This gametogenic mechanism must be sufficiently pliable to allow occasional nuclear recombination and ploidy reduction among gametes. Most unisexual vertebrates apparently lack these gametogenic attributes (10, 19), although they may occur in the Phoxinus eos-neogaeus (21) and Rana esculenta (22) complexes. The latter, in fact, have their own mtDNA peculiarities, again resulting from the unusual genetics of their reproductive system (23, 24) . Of more general interest, plants often share many of these same characteristics (25) , suggesting that their clonally inherited organellar genomes may be susceptible to the same unusual rearrangement found in Ambystoma. This may be especially so in hybrid complexes involving many species or semispecies. Duplication of the pattern seen in Ambystoma may result from the introgression of mtDNA from species A to species B via the backcrossing of their F1 hybrids, the spread ofthe mtDNA of species A within species B, and the subsequent transfer of that mtDNA to other hybrids by the crossing of species B with species C. The process is theoretically unlimited and potentially extensive in the syngameons and other hybrid complexes frequent in plants.
Our finding of mtDNA in unisexual Ambystoma that is unrelated to any nuclear haplotype reveals an aspect of the evolutionary history ofthese hybrid complexes that could not have been inferred from an analysis of nuclear genes or gene products alone. In this regard, one may expect that successful elucidation of the history of complexes having undergone extensive reticulate evolution must entail the use of a diversity of differently inherited genomes. The full potential ofthis approach has not been obvious before because previous studies of mtDNA and allozyme dynamics in hybrid zones (26) (27) (28) 
